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Experimental 

Crystal data 

C17H13N3 
M, = 259.30 
Orthorhombic, Pnal^ 
a = 26.8587 (7) A 
b = 8.8158 (2) A 
c = 11.2035 (3) A 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAIis PRO; Agilent, 2010) 
T„i„ = 0.836, r„,„ = 0.988 



Refinement 

R[F^ > 2a{F^)] -- 
wR(F^) = 0.091 
5 = 1.09 
2800 reflections 
379 parameters 
1 restraint 



0.034 



V = 2652.78 (12) A" 
Z = 8 

Cu Ka radiation 
jtt = 0.62 mm^' 
r = 100 K 

0.30 X 0.20 X 0.02 mm 



10819 measured reflections 
2800 independent reflections 
2621 reflections with / > 2o'(/) 
Ri„, = 0.033 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„ax = 0.16 e A"' 

Ap„i„ = -0.20 e A"' 



The asymmetric unit of tlie title compound, C17H13N3, 
contains two independent molecules, which are non-planar 
as they are buckled owing to the ethylene portion. The 
dihedral angle between the benzene rings is 26.4 (1)° in one 
molecule and 32.9 (1)° in the other. In the crystal, the 
molecules are disposed about a false inversion center, and are 
linked by two N— H- ■ N hydrogen bonds, generating a dimer. 
The dimers are linked by further N— H- ■ -N hydrogen bonds, 
resulting in a chain that runs along the longest axis of the 
orthorhombic unit cell. 

Related literature 

For the synthesis of dihydrophenanthrenes, see: Dellagreca et 
al. (2000); Ram & Goel (1997). 




Table 1 

Hydrogen-bond geometry (A, °). 



D- 


-H- ■ A 




D-n 


H- ■ A 


D-A 


D-U-A 


N2- 


-mi- 


■N4 


0.91 (4) 


2.15 (4) 


3.007 (3) 


156 (3) 


N2- 


-H22- ■ 


■N6' 


0.91 (3) 


2.38 (3) 


3.265 (3) 


164 (2) 


N5- 


-H51-- 


■Nl" 


0.91 (4) 


2.12 (4) 


3.012 (3) 


168 (3) 


N5- 


-H52-- 


■N3 


0.91 (3) 


2.41 (3) 


3.283 (3) 


161 (3) 



Symmetry codes: (i) x. y. z + I', (ii) x, y, z — 1- 



Data collection: CrysAIis PRO (Agilent, 2010): cell refinement: 
CrysAIis PRO; data reduction: CrysAIis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
X-SEED (Barbour, 2001); software used to prepare material for 
publication: publCIF (Westrip, 2010). 

We thank King Abdulaziz University and the University of 
Malaya for supporting this study. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: XU5310). 
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3-Amino-l-methyl-9,10-tlihydrophenaiithrene-2,4-dicarboiiitrile 



A. O. Al-Youbi, A. M. Asiri, H. M. Faidallah, K. A. Alamry and S. W. Ng 



Comment 



As the dihydrophenanthrene skeleton is a principal component of a number of pharmaceutical products, there is a large col- 
lection of reserach on the synthesis of dihydrophenanthrene compounds. This skeleton is known to mimic natural products, 
which is yet another source of bioactive compounds (Dellagreca et al, 2000). In this study, we have used 1-tetralone, acet- 
aldehyde, and malonitrile to synthesize the skeleton; an early study reported the use of 1-tetralone to condense with 2H- 
pyran-2-ones to furnish this skeleton (Ram & Goel, 1997). The title molecule, C17H13N3 (Scheme I), is non-planar as the 
molecule it is buckled owing to the ethylene portion; the dihedral angle between the aromatic rings is 26.4 (1) ° in one 
independent molecule and 32.9 (1) ° in the other. The molecules are disposed about a false inversion center, and are linked 
by two N-H-'-N hydrogen bonds to generate a dimer (Fig. 1). The dimers are linked by N-H - N hydrogen bonds to result 
in a linear chain (Table 1). 



Acetaldehyde (0.44 g, 10 mmol), 1-tetralone (1.46 g, 10 mmol), malononitrile (0.66 g, 10 mmol) and ammonium acetate(6. 20 
g, 80 mmol) in absolute ethanol (50 ml) were heated for 6 houyrs. The mixture was allowed to cool, and the solid was 
collected, washed with water, dried and then recrystallized from ethanol to yield light brown crystals, m.p. 457-459 K. 



Carbon- and nitrogen-bound H-atoms were placed in calculated positions [C-H 0.95 to 0.99 A, C/iso(H) 1.2C/eq(C)] and 
were included in the refinement in the riding model approximation. 

The amino H-atoms were located in a difference Fouier map and were freely refined. 

The Flack parameter initially refined to 0.1 (4) on 1933 Friedel pairs. As the uncertainty was too large, Friedel pairs 
were merged. 



Experimental 



Refinement 



Figures 




Fig. 1. Thermal ellipsoid plot (Barbour, 2001) of C17H13N3 at the 70% probability level; hy- 
drogen atoms are drawn as spheres of arbitrary radius. 
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3-Amino-1 -methyl-9,1 0-dihydrophenanthrene-2,4-dicarbonitrile 



Crystal data 

C17H13N3 
Mr= 25930 
Orthorhombic, Pna2\ 
Hall symbol: P 2c -2n 
0 = 26.8587 (7) A 
fe = 8.8158 (2) A 
c= 11.2035 (3) A 
K= 2652.78 (12) A^ 
Z=8 



7^(000) = 1088 

Dx= 1.299 Mgm"^ 

Cu Ka radiation, X = 1 . 54 1 84 A 

Cell parameters from 4366 reflections 

e = 3.3-74.4° 

\i = 0.62 mm ' 
T= 100 K 
Plate, light brown 
0.30 X 0.20 X 0.02 mm 



Data collection 

Agilent SupcrNova Dual 
diffractometer with an Atlas detector 

Radiation source: SuperNova (Cu) X-ray Source 

Mirror 

Detector resolution: 10.4041 pixels mm"' 

CO scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 

rmi„ = 0.836, rmax = 0.988 

10819 measured reflections 



2800 independent reflections 

2621 reflections with /> 20(7) 
/?i„,= 0.033 

9max = 74.6°, Ojnin = 3.3° 

h = -24-^33 
k = -\0-^10 
Z = -13^13 



Refinement 



Refinement on F 
Least-squares matrix: full 
/?[i^>2a(F^)] = 0.034 

wR{I^) = 0.091 

S= 1.09 

2800 reflections 

379 parameters 
1 restraint 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[a^(Fo^) + (0.058P)^ + 0.0761P] 

where P = (Fo^ + 2FcV3 

(A/a)max = 0.001 

Apmax = 0.16eA"^ 

Apmin = -0.20 e A"^ 



Special details 

Geometry. All c.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


IT- *ITT 


Nl 


0.87010(7) 


0.4611 (2) 


0.74979(18) 


0.0264 (4) 


N2 


0.89781 (7) 


0.4949 (2) 


0.45228 (19) 


0.0211 (4) 


H21 


0.9103 (12) 


0.469 (4) 


0.379 (3) 


0.045 (9)* 


H22 


0.9152(11) 


0.471 (3) 


0.519(3) 


0.031 (8)* 


N3 


0.87032 (8) 


0.5796 (2) 


0.15228(18) 


0.0281 (4) 


N4 


0.94098 (7) 


0.3192 (2) 


0.24687 (18) 


0.0256 (4) 


N5 


0.94187 (7) 


0.4150 (2) 


-0.04685 (19) 


0.0254 (4) 


H51 


0.9239 (12) 


0.424 (4) 


-0.115 (3) 


0.047 (9)* 


H52 


0.9272(11) 


0.451 (4) 


0.020 (3) 


0.037 (8)* 


N6 


0.97783 (8) 


0.3851 (2) 


-0.34610 (18) 


0.0289 (4) 


CI 


0.76004(11) 


0.7688 (4) 


0.2539 (2) 


0.0391 (7) 


HIA 


0.7507 


0.8757 


0.2628 


0.059* 


HIB 


0.7301 


0.7078 


0.2399 


0.059* 


HlC 


0.7828 


0.7579 


0.1861 


0.059* 


C2 


0.76447 (8) 


0.7425 (3) 


0.4785 (2) 


0.0229 (5) 


C3 


0.78542 (8) 


0.7153 (3) 


0.3660 (2) 


0.0248 (5) 


C4 


0.71332 (8) 


0.8142 (3) 


0.4946 (2) 


0.0289 (5) 


H4A 


0.6941 


0.8069 


0.4193 


0.035* 


H4B 


0.7169 


0.9228 


0.5155 


0.035* 


C5 


0.68597 (8) 


0.7302 (3) 


0.5944 (2) 


0.0290 (5) 


H5A 


0.6527 


0.7758 


0.6064 


0.035* 


H5B 


0.6814 


0.6226 


0.5718 


0.035* 


C6 


0.71544 (8) 


0.7399 (2) 


0.7083 (2) 


0.0228 (5) 


C7 


0.69360 (8) 


0.7612 (3) 


0.8196 (2) 


0.0269 (5) 


H7 


0.6584 


0.7626 


0.8266 


0.032* 


C8 


0.72290 (9) 


0.7805 (3) 


0.9206 (2) 


0.0292 (5) 


H8 


0.7076 


0.7929 


0.9964 


0.035* 


C9 


0.77457 (9) 


0.7817 (3) 


0.9110(2) 


0.0278 (5) 


H9 


0.7946 


0.7990 


0.9796 


0.033* 


CIO 


0.79671 (8) 


0.7576 (3) 


0.8011 (2) 


0.0229 (5) 


HIO 


0.8320 


0.7593 


0.7946 


0.028* 


Cll 


0.76781 (8) 


0.7309 (2) 


0.6998 (2) 


0.0206 (4) 


C12 


0.78952 (8) 


0.6957 (2) 


0.5817 (2) 


0.0208 (4) 


C13 


0.83376 (7) 


0.6109 (2) 


0.57199 (19) 


0.0181 (4) 


C14 


0.85599 (7) 


0.5797 (2) 


0.4602 (2) 


0.0183 (4) 


C15 


0.83135 (8) 


0.6366 (2) 


0.3579 (2) 


0.0213 (4) 


C16 


0.85397 (7) 


0.5328 (2) 


0.67296 (19) 


0.0202 (4) 


C17 


0.85254 (8) 


0.6055 (3) 


0.2431 (2) 


0.0230 (5) 


C18 


1.06712(10) 


0.1026 (3) 


-0.2549 (2) 


0.0305 (5) 


H18A 


1.1034 


0.1134 


-0.2536 


0.046* 


H18B 


1.0535 


0.1591 


-0.3228 


0.046* 


H18C 


1.0584 


-0.0049 


-0.2626 


0.046* 


C19 


1.04565 (8) 


0.1645(2) 


-0.1407 (2) 


0.0223 (4) 
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yj.vzjz yi-V) 


A A-5 /IT /I -l\ 

U.U34 / (,1 


U.Uz4Z 


111) 


A AA 1 O /'Q\ 

U.UUIZ (9) 


_A AA 1 C rQ\ 

U.UU 1 J \y) 


A AA'17 /I A"\ 

U.UUZ / (lU) 


/ 


A A 1 OA ^Ci\ 

U.UloU {y ) 


A AT ^ T ^^ ^\ 
U.UZDZ (1 1 j 


A AOI^ 

U.Uz3j 


(^^\ 

(11) 


A AAAO /ox 

U.UUU2 ) 


A AAAO i'Q\ 

U.UUUz (o ) 


U.UU34 (y ) 




A A 1 O/i ^Ci\ 

U.Uiyo {y ) 


A A 1 o/i ^^ fW 
u.uiy4 (,lUj 


A ATI^ 

U.Uz3j 


(11) 


A AAAT 

— U.UUUZ (5) 


A AAO^ i'Q\ 

U.UUZj {o ) 


A AAOO /'OA 

U.UUZ5 (y ) 


C29 


A AT A 1 /I A\ 

0.0201 (10) 


A A 1 O /'C\\ 

0.0152 (9) 


0.0215 


C 1 A\ 

(10) 


A AA 1 /; /■'TX 

—0.0016 (7) 


A AA 1 /I /AX 

0.0014 (9) 


A AAA/1 /ox 

-0.0004 (8) 


C30 


0.0202 (10) 


0.0181 (10) 


0.0180 


(11) 


-0.0012 (8) 


0.0000 (8) 


-0.0017 (8) 


C31 


0.0202 (9) 


0.0195 (9) 


0.0200 


(10) 


-0.0028 (7) 


-0.0010 (8) 


-0.0009 (9) 


C32 


0.0225 (10) 


0.0228 (11) 


0.0185 


(10) 


-0.0054 (8) 


0.0000 (9) 


0.0007 (9) 


C33 


0.0243 (10) 


0.0244(11) 


0.0215 


(11) 


-0.0067 (8) 


0.0017 (9) 


-0.0024 (9) 


C34 


0.0198 (9) 


0.0206(10) 


0.0197 


(11) 


0.0007 (8) 


-0.0033 (9) 


0.0015 (8) 



Geometric parameters (A, °) 



Nl— C16 


1.153 (3) 


C12— C13 


1.408 (3) 


N2— C14 


1.352 (3) 


C13— C14 


1.414(3) 


N2— H21 


0.91 (4) 


C13— C16 


1.431 (3) 


N2— H22 


0.91 (3) 


C14— C15 


1.415 (3) 


N3— C17 


1.147 (3) 


C15— C17 


1.433 (3) 


N4— C34 


1.156 (3) 


C18— C19 


1.506(3) 


N5— C31 


1.357 (3) 


C18— H18A 


0.9800 


N5— H51 


0.91 (4) 


C18— H18B 


0.9800 


N5— H52 


0.91 (3) 


C18— H18C 


0.9800 


N6— C33 


1.150 (3) 


C19— C20 


1.401 (3) 


CI— C3 


1.505 (3) 


C19— C32 


1.405 (3) 


CI— HIA 


0.9800 


C20— C29 


1.400 (3) 


CI— HIB 


0.9800 


C20— C21 


1.521 (3) 


CI— HlC 


0.9800 


C21— C22 


1.520 (3) 


C2— C12 


1.400 (3) 


C21— H21A 


0.9900 


C2— C3 


1.400 (3) 


C21— H21B 


0.9900 


C2— C4 


1.523 (3) 


C22— C23 


1.504(3) 


C3— C15 


1.419 (3) 


C22— H22A 


0.9900 


C4— C5 


1.529 (4) 


C22— H22B 


0.9900 


C4— H4A 


0.9900 


C23— C24 


1.391 (3) 


C4— H4B 


0.9900 


C23— C28 


1.411 (3) 


C5— C6 


1.505 (3) 


C24— C25 


1.388 (4) 


C5— H5A 


0.9900 


C24— H24 


0.9500 


C5— H5B 


0.9900 


C25— C26 


1.386 (3) 


C6— C7 


1.391 (3) 


C25— H25 


0.9500 


C6— Cll 


1.412 (3) 


C26— C27 


1.385 (3) 


C7— C8 


1.388 (4) 


C26— H26 


0.9500 
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C/ — H/ 


A nCAA 

U.VjUU 


Co — cy 




pC TJC 




C9 — CIO 


1.384 (3) 


C9 — H9 


0.9500 


CIO — Cll 


1.395 (3) 


CIO — ^HIO 


0.9500 


Cll — C12 


1 479 (3") 


CI 4 — JN/ — H/l 


1 TA /">\ 


C14 — iNz — rLzz 


1 T A 1 /I C'\ 

12U.1 (lo) 


rizl — JNz — rLZz 


119 (2) 


/"^"I 1 XJC 1 

Cjl — JND — rlDl 


1 1A fW 


CjI — iN5 — HS/ 


1 T 1 T /I n\ 
lzl.3 (IV) 


Hjl — JND — HDZ 


116(3) 


/"^"i XJl A 

Ci — L-1 — HI A 


1 An c 

iuy.D 


L-J — L/1 — xilrJ 


1 AO ^ 

luy.D 


XJl A /"'I U1 D 


1 {\C\ c 

luy.D 


— CI — rllC 


1 An ^ 


XJl A XJl 
rllA — CI — ^rllC 


1 AA C 


xjix> 1 xjl/~^ 
HIB — CI — HlC 


1 An ^ 


Clz — Cz — Cj 


1 1 n CiZ n\ 

iiy.yj (ly) 


C 1 2 — C2 — C4 


11 /.J \l) 


/"^"i /^O 

Ci — Cz — C4 


Izz. / \1) 


C2 — C3 — CI 5 


119.4 (2) 


/"'I 

Cz — CJ — Ci 


1 T 1 A 

Izl.U (ZJ 


CID — Cj — Ci 


1 1 A 

iiy.o (zj 


/"'/I 

C2 — C4 — C5 


1 AO Cf\ /"I A\ 

108.60 (19) 


Cz — C4 Jrl4A 


1 1 A A 
1 lU.U 


/^Z A XJ/1 A 

Cj — C4 — rl4A 


1 1 A A 


Cz — C4 — rl4l3 


1 1 A A 


r^z r^A xj/ixD 
CD — C4 — H4l3 


1 1 A A 


XJ/1 A /"'/I XJ/IXD 

rl4A — C4 — rl4l3 


1 AO T 


Co — CD — C4 


1 An oo 1 o\ 
lUy.55 (Is) 


r^a r^c xjc a 
Co — C3 — HDA 


1 An n 

luy. / 


r^A xj^ A 
C4 — Cj — HjA 


1 An 1 

luy. / 


Co — Cj — HjhS 


1 An 1 

luy. / 


t^A t^Z XJ^X> 

C4 — Cj — Hjri 


1 An n 

luy. / 


XJC A XJCX3 

HjA — Cj — ^rljrs 


1 AO 1 


C / — Co — C 1 1 


lino 

uy.z (z) 


r^a r^z 
C / — Co — C J 


1 T5 1 '1 /"I n\ 

izj.iz (ly) 


Cii — Co — CD 


11 /.6 (z) 


r^o r^n r^a 
Co — C / — Co 


1 1A C 

IzU.D (Z) 


t~^Q f^n XSSI 
Co — C / — H / 


1 1 n T 

uy. / 


C6— C7— H7 


119.7 


C7— C8— C9 


120.2 (2) 


C7— C8— H8 


119.9 


C9— C8— H8 


119.9 


CIO— C9— C8 


119.7(2) 


CIO— C9— H9 


120.1 



Cz / — Czo 


i.3y4 (J) 


f~^'^n LJT7 

Cz / — rLZ / 


A ACAA 

u.yjuu 


Iw-ZO lw-Z7 




C29 — C30 


1.409 (3) 


C30 — C31 


1.416 (3) 


C30 — C34 


1.427 (3) 


C31 — C32 


1 413 (3) 


C32 — C33 


1.435 (3) 


C3 — C 1 D — C 1 / 


lino /'>\ 
1 iy.6 (Z) 


JN 1 — Cio — CiJ 


1 /D.4 \L) 


JNi — CI / — CI J 


1 TO "7 

1 /5. / (Z) 


Ciy — Cio — xiloA 


1 AA C 

luy.D 


1 n 1 O TUIOTD 

C 1 y — C 1 o — rl 1 6r> 


1 AA C 

luy.D 


M 1 o A — C 1 o — xl 1 OD 


1 An < 

luy.D 


ciy — Cio — xiioc 


1 AO ^ 

luy.D 


XJ1QA r^\Q XJl 0/^ 

xlloA — cio — riloC 


1 AO ^ 

luy.D 


XJl ox> o XJl Qr^ 
rl 1 OD — C 1 o — H 1 oC 


1 nn c 

luy.D 


CzU — C 1 y — C3z 


1 1 n /I i"<\ 
liy.4 (Z) 


CzU — C 1 y — C 1 o 


111 A 

Izl.U (z) 


c jz — c 1 y — c 1 6 


1 1 n /c /">\ 
liy.6 (Z) 


czy — CzU — c 1 y 


1 in A/1 /I o\ 
1ZU.U4 (16) 


/~">A /^TA /^Tl 

Czy — CzU — Cz 1 


I 1 "7 O {"t\ 

II / .5 (Z) 


/^1A /^OA 

c 1 y — CzU — Cz 1 


1 11.1 (Z) 


/""ll /^ll /^lA 

Czz — Cz 1 — CzU 


1 1 A AO /I 0\ 

110.08 (18) 


i^Tl i^TI XJOI A 

Czz — Cz 1 — xlz 1 A 


1 An ^ 

iuy.6 


/^OA XJOI A 

CzU — Cz 1 — rLZ 1 A 


1 An a 

iuy.6 


/^o 1 XJl 1 D 
Czz — Cz 1 — Hz 1 D 


1 An a 

iuy.6 


/^TA /^Tl XJT 1 ID 

CzU — Cz 1 — Hz 1 r> 


1 An /; 

luy. 6 


XJT 1 A 1 XJl 1 D 

rlz 1 A — Cz 1 — Hz Id 


1 AO 1 


Czi — Czz — Cz 1 


1 1 A o /I /I n\ 
110.64 (ly) 


/^Ol /^O'^ XJT^ A 

Cz3 — Czz — xlzzA 


1 AO ^ 

luy.D 


/^T) XJT) A 

Cz 1 — Czz — HZZ A 


1 An c 

luy.D 


CzJ — Czz — HZZd 


1 An ^ 

luy.D 


xjnxD 

Cz 1 — Czz — rlzzD 


1 An c 

luy.D 


XJT1 A r~"T1 XJT)X> 

HzzA — Czz — HzzD 


1 AO 1 

lUs.l 


/^O/l /""TI /~">0 

Cz4 — Czi — Czo 


lino /OA 

iiy.z (Z) 


r^'^A /~^T> 


1 oo ^ /o\ 
1 11, J (Z ) 


r^'^o 

Cz 0 — Czi — Czz 


1 1 O "I /o\ 

llo.j (z) 


Czj — Cz4 — Czi 


1 O 1 A /OA 

Izl.U (1) 


r^'tz r^'tA u'tA 
Cz J — Cz4 — xlz4 


line 

uy.D 


XJO/1 

Czi — Cz4 — xlz4 


line 

iiy.D 


/^liC 

Czo — CzD — Cz4 


lino /o\ 
liy.o (Z) 


r^'^z. XJTC 
Czo — Czj — Hzj 


1 OA 1 
IZU.l 


C24 — C25— H25 


120.1 


C25— C26— C27 


119.8 (2) 


C25— C26— H26 


120.1 


C27— C26— H26 


120.1 


C26— C27— C28 


121.2(2) 


C26— C27— H27 


119.4 
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/^o /^n Tun 
Co — CV — rlV 


1 TA 1 

IzU.l 


/^TO f^'^n Tim 
CZo — CZ / — HZ / 


1 1 A /I 

1 iy.4 


/^n 1 A 1 1 


1 OA / 1 n\ 

IzU. /z {[y) 


r^'tn r^'tQ r^'ti 
Cz / — Cz5 — CzJ 


1 1 o o cw 
llo.o \l) 


Cy — ClU — rilv 


1 1 A iC 


/^T7 /^10 /^OA 

Cz / — Cz6 — Czy 


izz.oy (lyj 


1 i^l A XJ1 f\ 

Cll — ClU — ^rllU 


1 1 Q A 


i^oQ i^oQ 
Czi — Cz o — Czy 


11 O.J (zj 


i^l A 1 1 

ClU — Cll — Co 


1 1 n 1 /">\ 
llV.i (z) 


/~">A /^TA /^lA 

czu — czy — ciu 


1 1 A /">\ 

uy.D (Z) 


ClU — CI 1 — Clz 


izz.yo (loj 


r^TA /^TA r^TQ 

CZU — czy — CZo 


1 1 A T /I /l 0\ 

1 iy.j4 (loj 


Co — Cll — Clz 


li I.I \Z) 


r^ifx /^OQ /^OQ 
Ci U — Czy — Cz o 


Izl.U (^zj 


Cz — C 1 z — C 1 J 


iiy.y \Z) 


i^oo r^icv 

Czy — C JU — C J 1 


izl.o yZ) 


1 T 1 1 

C2 — C 1 Z — C 1 1 


Uy.l / (lo) 


czy — C3U — C34 


Liz. J yZ) 


/^IT /^IT 

CI J — Clz — Cll 


1 1A A /OA 

izu.y (Z) 


C3 1 — C3U — C34 


lie /iT /"I 0\ 

11 j.oZ (loj 


Clz — CI J — C14 


1 O 1 O /I / 1 A\ 

izi.54 (ly) 


JN J — Ci 1 — CiZ 


1 n A 
IZZ.U (Z) 


Clz — C13 — Clo 


1 T A AO /I A\ 

izu.yo (ly) 


JN J — C3 1 — C3U 


lZl.Z [Z) 






pii piA 


1 1 /; Qi n Q-i 

i i U.O J i o^ 


N2 — C14 — C13 


121.1 (2) 


C19 — C32 — C31 


122.0 (2) 


N2 — C14 — CI 5 


122.1 (2) 


C19 — C32 — C33 


120.3 (2) 


C13 — C14 — C15 


116.78 (17) 


C31 — C32 — C33 


117.64 (19) 


C14 — C15 — C3 


121.9 (2) 


N6 — C33 — C32 


177.8 (2) 


C14 — C15 — C17 


118.24 (18) 


N4 — C34 — C30 


175.0 (2) 


C 1 z — Cz — C3 — C 1 5 


1.7 (3) 


C3Z — c 1 y — CZU — czy 


2.5 (3) 


r^o r^i 1 c 

C4 — L,Z — L, j — L, 1 5 


1 "7/1 "7 /OA 

^1 /4. / (z) 


c 1 o — c 1 y — CZU — czy 


—1 /o.o (Z) 


C 1 z — Cz — Ci — C 1 


1 "70 1 /OA 

— 1 /o.l (Z) 


C3Z — c 1 y — CZU — cz 1 


-1 / / .y (ZJ 


f^A f^"i r^i 1 
C4 — Cz — C J — C 1 


5.5 (4) 


c 1 o — c 1 y — CZU — cz 1 


2.8 (3) 


C 1 z — Cz — C4 — C J 


— io.Z (i J 


/^OQ r^'^fx /^oo 

Czy — CzU — Cz 1 — czz 


il.l (3) 


/^/i r^z 
Co — Cz — C4 — CD 


lio.i (Zj 


c 1 y — CZU — cz 1 — czz 


1/11 A /">\ 

— 141.y yZ) 


/"'T /"'/I r^z r^a 
Cz — C4 — CD — Co 


CA A /"^A 

jy.u (jj 


i^TA i^TI i^Tl i^T5 

CzU — Cz 1 — Czz — Cz3 


—J J.J (JJ 


/^yl /^c /^iC /^T 

C4 — CD — Co — C / 


^ Af\ A 

14U.4 (zj 


Cz 1 — Czz — Czi — Cz4 


^ AA O 

—144.0 yZ) 


r^A /^c r^c /"'1 1 
C4 — CD — Co — C i i 


-37.8 (3) 


1 /^oo 
Cz 1 — Czz — Czi — Czo 


Jj.U (Jj 


/"'I 1 /"'/c r^n f^Q 
CI 1 — Co — C / — Cs 


1 A /I \ 

j.U (3) 


CZo — CZi — CZ4 — CZj 


-1.5 (3) 


r^z r^i^ r^n r^*>i 
CD — Co — C / — Cs 


— 1 / J.Z (Zj 


r^T) r^Ti r^T/i r^T^ 
CZZ — CZJ — CZ4 — CZj 


1 /O.Z (Zj 


r^/i r^n r^o r^c\ 

Co — c / — Co — cy 


1.3 (3) 


r^'^A /^liC 
Czi — Cz4 — Czj — Czo 


-3.2 (4) 


c / — Co — cy — c i u 


-2.5 (4) 


r^^A r^^z /^OA f^^n 
Cz4 — Czj — Czo — Cz / 


3.9 (3) 


Co — cy — c 1 u — c 1 1 


-0.5 (3) 


/~">c r^'yc r^'^n /^lo 
CZj — CZo — CZ / — CZo 


A 1 /"3\ 

0.1 (3) 


cy — C 1 1) — C 1 1 — Co 


4.7 (3) 


c^'^c f^'^n /^To r^'>i 
CZo — CZ / — CZo — CZj 


-4.7 (3) 


r^c\ /~^1A 

cy — ClU — Cll — Clz 


— 1 /0.3 (Z) 


/^liC /^T7 /^10 /^1A 

CZo — cz / — CZo — czy 


1 /j.j (zj 


C/ — Co — Cll — ClU 


-5.9 (3) 


r~"Ti r~">o r~"T7 
CZ4 — CZJ — CZo — CZ / 


Z A 

5.4 (3) 


CD — Co — C 1 1 — C 1 U 


1 "70 /I /OA 

1 /Z.4 (Z) 


/^T> /""TI /~">0 /"'OT 

CZZ — CZJ — CZo — CZ / 


^ lA A /">\ 
— 1 /4.4 (Zj 


C/ — Co — Cll — Clz 


1 AO / 1 A\ 

1 /j.uo (ly) 


f~^'> A r^'>1 /^TO /^TA 

CZ4 — CZJ — CZo — czy 


1 T/l OQ /I A\ 

—1 /4.oJ (lyj 


CD — Co — C 1 1 — C 1 z 


-6.6 (3) 


/^10 /^1A 

Czz — Cz J — Cz o — Czy 


Z A 

5.4 (3) 


C J — Cz — C 1 z — C 1 i 


-5.0 (3) 


1 A i^^A i^^A /^lA 

c 1 y — CZU — czy — c ju 


J.O (Jj 


C4 — Cz — C 1 z — C 1 i 


1 / 1 .o (zJ 


i^'l 1 *^'1A i^OA /^"JA 

Cz 1 — CzU — Czy — c JU 


1 TO / 1 A\ 

—1 Id. /o (lyj 


C j — Cz — C 1 z — C 1 1 


1 / /.J yl) 


ciy — CzU — Czy — czo 


1 TO A 

—1 /o.U (zj 


C4 — Cz — C 1 z — C 1 1 


-5.9 (3) 


i^OI i^Ort i^OQ i^OQ 

Cz 1 — CzU — Czy — Czo 


2.4 (3) 


ClU — Cll — Clz — Cz 


\ AO C 

— 140.5 \1) 


r^'yn /^to /^ta /^ta 

CZ / — CZo — czy — CZU 


1 ZA A /">\ 

154.U (Z) 


Co — C 1 1 — CI z — Cz 


30.5 (3) 


/"'n /^10 /^1A /^1A 

C23 — C28 — C29 — C20 


-25.7 (3) 


CIO— Cll— C12— C13 


34.1 (3) 


C27— C28— C29— C30 


-27.8 (3) 


C6— Cll— C12— C13 


-147.0 (2) 


C23— C28— C29— C30 


152.4 (2) 


C2— C12— C13— C14 


4.5 (3) 


C20— C29— C30— C31 


-6.8 (3) 


Cll— C12— C13— C14 


-178.06(19) 


C28— C29— C30— C31 


175.05 (19) 


C2— C12— C13— C16 


-165.8 (2) 


C20— C29— C30— C34 


166.3 (2) 
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Cll— C12— C13— C16 11.7(3) 

C12— CIS— C14— N2 -178.4 (2) 

C16— C13— C14— N2 -7.7 (3) 

C12— C13— C14— C15 -0.6 (3) 

C16— C13— C14— C15 170.03 (19) 

N2— C14— C15— C3 175.0(2) 

C13— C14— C15— C3 -2.7 (3) 

N2— C14— C15— C17 -1.5 (3) 

C13— C14— C15— C17 -179.2(2) 

C2— C3— C15— C14 2.2(3) 

CI— C3— C15— C14 -178.0(2) 

C2— C3— C15— C17 178.7(2) 

CI— C3— C15— C17 -1.5 (4) 



Hydrogen-bond geometry (A, °) 

D—n-A 
N2— H21-N4 

N2— H22-N6' 

N5— H51-N1'' 
N5— H52-N3 

Symmetry codes: (i) x, y,z+\; (ii) x, y, z-1 . 



C28— C29— C30— C34 - 1 1 .8 (3) 

C29— C30— C31— N5 -176.8(2) 
C34— C30— C31— N5 9.6(3) 
C29— C30— C31— C32 3.2 (3) 

C34— C30— C3 1 — C32 - 1 70 . 37 ( 1 9) 

C20— C19— C32— C31 -6.2(3) 
C18— C19— C32— C31 173.1 (2) 

C20— C19— C32— C33 173.6 (2) 

C18— C19— C32— C33 -7.2 (3) 

N5— C31— C32— C19 -176.7(2) 
C30— C31— C32— C19 3.3 (3) 

N5— C31— C32— C33 3.5 (3) 

C30— C31— C32— C33 -176.46(19) 

Z>— H H--^ D-A D—R-A 

0.91 (4) 2.15 (4) 3.007 (3) 156(3) 

0.91 (3) 2.38(3) 3.265 (3) 164(2) 

0.91(4) 2.12(4) 3.012(3) 168(3) 

0.91 (3) 2.41 (3) 3.283 (3) 161 (3) 
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